Abstract. Controllable synthesis of high quality large area monolayer MoS 2 is still a challenge for its practice application. In this work, we report an Au foil assistant synthesis large size (400 µm) single crystals MoS 2 on quartz substrate via chemical vapor deposition (CVD). The Raman and photoluminescence spectroscopy studies indicate the synthesized monolayer MoS 2 has a high homogenous optical characteristic. The optoelectronic performance of MoS 2 photodetector were also fabricated which shows a high photo-response of 550mA/W and a fast photo-response time of 230 ms. The growth techniques described here will beneficial for other atomically thin TMD materials growth.
Introduction
Two-dimensional transition metal dichalcogenides (TMDs) have attracted tremendous attention in recent years owing to their unique properties and potential applications in the next generation electronic and optoelectronics devices [1] [2] [3] . Typically, monolayer molybdenum disulfide (MoS 2 ) has emerged as a potential material because of its high on/off ratio, controllable spin and valley polarization, indirect direct band gap transform property, etc [4] [5] [6] [7] . Currently, large-area monolayer MoS 2 for actual application was generally obtained via chemical vapor deposition (CVD) method because of mechanical exfoliated method only can produce the small size monolayer MoS 2 flakes. Importantly, when the size of MoS 2 single crystals increased to hundreds of micrometers, the top-down lithographic device fabrication process would be simplified greatly. Hence, it is highly desirable to develop new techniques for fast preparing high quality large area single layer MoS 2 crystals.
Tremendous efforts have been devoted to study the growth of MoS 2 by CVD method, which is expected to be a promising approach to produce large area TMDs sheets for extensive device applications due to its high tenability in growth parameters, including rapidly increase growth temperature to speed up surface evaporation and improve the adatom mobility. C), the chamber pressure and precursor-substrate distance systemically on MoS 2 . Moreover, wafer scale MoS 2 film has been grown using a two-step process, which includes the pre-deposition and sulfurization of Mo film on SiO 2 . However, the grown MoS 2 sheets are the uniformity and thickness mainly inherited polycrystalline which from the nature of pre-deposited MoO 3 film. However, the balance between ad atom mobility and surface evaporation leads to the limited grain sizes and/or the limited yields of single layer films. Despite these endeavors, the growth mechanism of large area single crystal MoS 2 is unclear. Thus, the synthesis of large scale uniform MoS 2 on different substrates still needs to be intensively explored.
In present work, we put forward a new method of synthesizing large area monolayer MoS 2 crystals on quartz substrates with Au foil assistant via CVD method. The optical properties of as-synthesized monolayer MoS 2 were characterized using Raman and photoluminescence (PL) spectroscopy. Meanwhile, the MoS 2 photodetector were fabricated to characterize the optoelectronic performance. The MoS 2 -photodectector shows a great photoresponse of 550mA/W, and a fast photo-response time of 230 ms. We believe that the synthesis approach can be used to grow large area MoS 2 directlyon the various of poor transcalent substrates, which also significantly enables the growth of hybrid structures functional materials for device applications.
Result and Discussion
The experimental device for growing thin MoS 2 film was shown in Fig.1a .MoS 2 was grown by the reaction of MoO 3 and S powders in a chemical vapor deposition (CVD) chamber. Compared to the traditional method, the Au foil was covered by quartz substrate as the settling demonstration in Fig.1a . The thermal models (T exc : heat exchange, T tran : transmission and T rad : radiation) of MoS 2 growth was presented in Fig.1b .In theory, the substrate's temperature should be equal to the detection temperature when the oven heats along the heating procedures. However, the temperature lag will be exist due to the heat exchange become slow in the bad thermal conductivity media, especially, rapid heating. Exciting, the temperature of low thermal conductive substrate distribute uniformly was improved under the assistant of Au foil during the growth process. Fig.1c shows the optical micrograph of the MoS 2 grown on a quartz substrate. The standard triangles is presented, and the transverse size of imaginary line triangles are 180um and 380um,respectively.Note that, a five-fold increase in the transverse dimension was obtained after the addition of the Au foil, hence the presence of gold plays an important role for the preparation of MoS 2 . In order to test MoS 2 structure, we used gold to market the quartz substrate by thermal deposition as shown as in Fig.2a g tend to be blue-shifted and red-shifted when the film becomes thicker. Therefore, the thickness of MoS 2 can be determined to single layer. The PL spectrum of monolayer MoS 2 flake in Fig.2calso exhibits a strong emission at 680nm with photon energy of 1.8eV due to the indirect band gap of MoS 2 will transfer to the direct band gap when the number of layers becomes single layer. The atomic force microscopic (AFM) image for the MoS 2 is shown in Fig.1c , where the film thickness is 0.8nm which can be regarded as the single layer of MoS 2 .It is worth that the thickness measured by AFM is larger than the reported mechanical exfoliation MoS 2 forthe influence of the roughness of the substrate and impurities. In order to determine the uniformity of MoS 2 film, mapping of Raman spectroscopy is performed for a specific region. The mapping images of the intensity of E 1 2g mode is shown in Fig.3a , which suggests a high crystallinity and uniformity of the MoS 2 . Note that, the obvious difference is reflected in the strength of the edge of the triangle, this is due to the fact that the laser spot at the edge of the triangle is not completely irradiated onto the MoS 2 surface. In addition, the number of layers of MoS 2 can be determined by the distance between E For further evaluating the photoelectrical performance of MoS 2 layers with spatial homogeneity,MoS 2 -based visible-light photodetector on quartz substrate were fabricated as displayed in Fig.4a .Photolithography and metal evaporation were employed for the fabrication of 50 nm thick Au electrodes. The channel length and width were 10 and 2 µm, respectively. In addition, the electrical characterization was displayed under dark and illumination of 50uWlaser, the laserwavelengthis632nmand the beam spot diameter is100um.As shown in Fig.4b , the current under illumination is obviously much larger compared to the one under dark condition. The photoresponse of this device can be calculated by
,where I p (I p =I light -I dark ) is the photocurrent, P is incident power, S beam is the area of laser beam illuminated device area, L and W is the length and width of electrode, respectively. Thus, a high photoresponse of 557 mA/W can be obtained when the bias voltage at -5V.(We expect that a higher response of the MoS 2 photodetector can be obtained under the condition of high photon energy and low optical power). Moreover, to study the switching behavior of our MoS 2 photodetector, the current was measured while the illumination were modulated between on and off with a shutter controlled by a square wave signal. The switching period is 10 s and the bias is 1V. A sensitive on-off behavior and an excellent stability after 15 cycles were shown in Fig.4c . Furthermore, the switch conversion time can be determined as 230ms (rise) and 300ms (decrease) within a periodicity shown as in Fig. 4d ,respectively.The photocurrent increases linearly with source-drain voltage V d owing to the increase of carrier drift velocity. 
Conclusions
In summary, we have achieved uniform large area triangular flakes and monolayer MoS 2 films on quartz substrate through introducing Au foils. These results contribute greatly to elucidate their merging behavior on Au foils. Although performed on Au foils, this work should serve as a fundamental reference for understanding the growth of other TMDCs on various commonly used poor transcalent substrates. The photoelectric measurements confirm that the MoS 2 exhibits photoresponsivity of 550 mA•W −1 . The approach demonstrated here is also transplantable for making a variety of TMD and may open up new possibilities for the preparation of large size two-dimensional materials.
Methods
MoS 2 Growth. The growth of MoS 2 was performed on quartz substrate/Au foil in a 2-inch ceramic boat. In a typical experiment, the quartz substrate were firstly cleaned with a solution mixture of NH 3 /H 2 O 2 /H 2 O (1:1:5, v/v) before combining with Au foil together. And then, the MoO 3 (50 mg, Sigma-Aldrich) and the sulfur powder (500 mg, Sigma-Aldrich) were placed under the quartz substrate, respectively. Further, the 250 sccm ultrahigh purity argon at atmospheric pressure was flowing as carrier gas when the furnace are quickly heated to 800 o C and kept for 15 min, respectively. Finally, the sample can be taken out when the furnace was cooled to room temperature.
